Objective -To investigate the anthropometric and physical performance characteristics of New Zealand rugby players of different ages and both sexes. Methods -356 rugby players (264 male, 92 female) took part in the study during a single season. Playing grade ranged from schoolboys and schoolgirls to senior men and women. Assessment of height, weight, neck circumference, and somatotype was performed before the competitive rugby season. A battery of six physical performance assessments was completed after the anthropometry. Analysis of variance was used to examine differences in these variables between field positions and grades. Results -Significant differences between forwards and backs on anthropometric and physical performance variables were apparent at all grades assessed. In terms of anthropometric characteristics, forwards of a given grade were generally taller, possessed greater body mass, and were more endomorphic and less ectomorphic than backs of the same grade. The backs tended to perform better on physical performance measures than forwards, being more aerobically fit, faster, more agile, and possessing a higher degree of muscular endurance. Differences in anthropometry and physical performance attributes were also apparent between players from the various grades. The players at higher levels were generally larger, and performed better on tests of physical performance than the players at lower levels. These differences were found in both sexes. Conclusions -The greater body mass of the forwards allows them to obtain greater momentum than the backs when sprinting. The ability to obtain greater momentum is important in the body contact phases of the game. Forwards may compromise their aerobic fitness and speed to some extent in order to maintain a high body mass. The anthropometric and physical performance characteristics of players appear to reflect the demands placed on them by the sport.
Rugby is regarded as New Zealand's national sport, because of the large number of participants, the success of the international team (the All Blacks), and the high media profile the sport enjoys. It is widely accepted that coaches and selectors place a high priority on size and physique when choosing players, yet there have been few attempts to describe the anthropometric and physical attributes of New Zealand rugby players.
In New Zealand, the sport is played at various levels. Rugby at club level usually involves teams within geographical areas (towns, suburbs, or rural districts) playing competitively against each other. Club rugby is subdivided into numerous grades, with senior A being the highest, then senior B, and senior reserve. There are other grades of a social nature at the senior level. Below senior level grades are usually based upon the player's age (under-21, under-19, etc) . Although the sport is played by both males and females, males represent the vast majority of players.
A summary of the anthropometric characteristics of rugby players in other reports is given in Table L . '5 As can be seen, most evaluations of the anthropometric characteristics of rugby players are descriptions of one or two teams from a given grade, largely precluding useful comparisons across grades. Describing attributes which are typical of players at various grades may help identify those factors important to successful performance.
Somatotypic descriptions of French, Italian, and South African rugby players have identified forwards as being generally more endo-mesomorphic than backs. 2, 3, 5 Other studies, however, have failed to detect such differences.7 8 In fact, Rigg and Reilly 8 reported that the most consistent anthropometric differences between forwards and backs were in terms of body size (height and body mass), rather than type of physique (measured by somatotype).
Descriptive studies detailing the physical characteristics of female rugby players have found that forwards tend to be heavier and to rate higher on endomorphy and mesomorphy, and lower on ecto- A study of US female college rugby players reported that forwards performed significantly better than backs in terms of anaerobic power output (measured on a cycle ergometer), but no significant differences were observed on an agility run, or for VO2max (corrected for body mass). It was suggested by the authors'4 that the similarities observed in performance could in part be attributed to the similarity of the training programmes followed by the different positional groups.
The purpose of this paper is to document the size, shape, and physical performance characteristics of a cohort of New Zealand rugby players drawn from various grades, and to make comparisons between grades and positional categories.
Methods
The overall methodology used in the rugby injury and performance project (RIPP) has been described in an earlier paper. ' The anthropometric and physical performance assessments were conducted by a group of 10 assessors. The assessors were trained in anthropometric assessment techniques by two experienced anthropometrists. Interand intratester reliability was evaluated over an extended training period which included two pilot testing sessions (one group of 20 subjects and one group of 30). The assessments of the players were carried out before the competitive rugby season. The anthropometric assessments taken were height, body mass, neck circumference, and the measurements required for calculating the somatotype according to the methods outlined by Carter and Heath.20 Following the anthropometric assessments, a battery of six physical performance assessments was undertaken. These were administered in the following order:
(1) The 20 metre multistage shuttle run test2' was used to gauge aerobic performance. This test is widely used for assessment of the aerobic fitness of rugby players in New Zealand and appears to be an appropriate and reliable measure. The number of shuttles completed by each player was recorded. Timing Gates with light reflecting markers Figure 1 . The agility run. Players ran from the start, turned right at the centre cone (C), ran round cone 1, back to C, around cone 2, back to C, around cone 3, back to C, and out to the finish (3) To assess a player's agility and turning ability, an agility run was performed (see Figure 1 ). The time taken to complete the agility drill with the player turning to the right was recorded. (4) Push-ups at a constant cadence were then performed as a test of upper body muscular endurance. Push-up position was standardised by having the subjects lie prone with their arms abducted to shoulder level (crucifix position). From this position their elbow joints were flexed to 90 degrees, and the elbows were drawn backward so that the hands could be placed on the floor, directly below the elbows when viewed from above. A cadence of 50 beats per minute was played over an audio cassette, with the subject keeping in time with the tone so that their elbows were fully extended for one beat and flexed to 90 degrees for the next beat.
Successful repetitions were counted and recorded until the subject could no longer keep pace with the cadence. The players who were unable to complete all six repetitions were penalised by multiplying their score by six (the maximum possible number of shuttles) and dividing by the number they completed.
The schoolgirls were unable to complete the vertical jump, the push ups, and the anaerobic shuttle test, due to a lack of available time at the testing facility.
Analyses
The analyses for the male and female players were performed separately. Summary statistics were calculated by grade and positional category for the anthropometric and physical performance measures. Preliminary examination of the data revealed that some of these measures were not normally distributed. To normalise the data, log transformations were performed upon the following variables (for the males only): weight, endomorphy, mesomorphy, both conditions of the 30-metre sprints, and the fatigue index.
A series of analyses of variance (ANOVA) was used to examine differences between positions and grades. An interaction term between grade and position was included in the models. A significant interaction term indicates that the pattern of differences observed between forwards and backs varies between the grades. A Bonferroni adjustment was made to correct for multiple testing. Differences between groups were accepted as statistically significant at the 0.05 level if the P value was < 0.002 (0.05/21). Post-hoc Scheff6 tests were performed on the anthropometric variables, the aerobic shuttle, the 30-metre sprint from a standing start, and momentum. These were done to further examine the differences between the following pairs of grades: senior A and senior B; senior A and under-21; and under-21 and under-19/18. In addition to testing for significant differences between group means, the effect size (ES) was calculated by taking the difference between the group means, and dividing by the root mean square error (RMSE). The effect size is considered to provide an indication of the "meaningfulness" of differences. Following the guidelines presented by Cohen,24 an effect size of 0.2 is considered "small", 0.5 is considered "medium", and 0.8 is considered "large". The RMSE is used as an unbiased estimate of the sample standard deviation. The SYSTAT25computer package was used for the statistical analyses.
Results

Males
The anthropometric characteristics of the males are summarised in Table 2 . Forwards were on average 6 cm taller and 14 kg heavier than backs. In terms of somatotype, the forwards were significantly more endomorphic and less ectomorphic than backs. The positions did not differ significantly in terms of mesomorphy (ES = 0.3).
Significant differences in the anthropometric charac- The results for the male physical performance assessments are presented in Table 3 . The backs performed significantly better than the forwards on all the physical performance activities except the fatigue index and the momentum obtained during the sprint. Large effect sizes (I 0.8) were observed between the positions for the agility run, the sprints from both a standing and running start, and momentum. The effect sizes for the aerobic shuttle, the vertical jump, and the pushups were moderate (0.5-0.6). Differences between grades reached statistical significance for the aerobic shuttle, the push-ups, the sprints (both conditions), and the momentum obtained by the players. The post-hoc comparisons between the grades showed that the senior As performed significantly better than the senior Bs on the 30-metre sprint from a standing start, on the fatigue index, and on the measure of momentum (ES = 1.0 for all). The senior A players obtained greater momentum during the sprint than the under-21 players (ES = 0.7), and the under-21 players obtained greater momentum during the sprint than the under-19/18 players (ES = 0.7). The senior A players also performed better than the under-21 players on the fatigue index (ES = 0.8).
Females
As was the case with the men, there were large differences between the anthropometric characteristics of the female forwards and backs (see Table 4 ). The forwards were on average 5 cm taller and 13 kg heavier than the backs. They also possessed larger neck circumferences and were more endo-mesomorphic and less ectomorphic than backs.
In terms of the physical assessments, the backs generally performed better than the forwards. A summary of the physical performance assessments, and the effect sizes between the positions is shown in Table  5 . The differences between the positions were large on the aerobic shuttle test, the vertical jump, the sprint from a rolling start, and momentum. The only assessment in which the female forwards performed better than the backs was for the momentum obtained.
Of the tests completed by both the Senior Women and the Schoolgirls, the aerobic shuttle was the only one on which large differences in performance were observed (ES = 1.3).
Discussion A large number of players was enrolled in this study, providing an opportunity to present a more comprehensive description of players from various grades than has been reported before. The body contact nature of rugby appears to demand specific anthropometric and physical performance characteristics from players. The results indicated that forwards (both males and females) were taller, possessed greater body mass, and had larger neck circumferences than backs. As might be expected when examining differences between grades that were defined primarily by age (below the senior level), the players in the higher grades generally possessed larger physiques.
In contrast to the patterns observed by Rigg and Reilly,8 but consistent with the findings of several other anthropometric studies,2'3' the somatotypes of the forwards in the current study were more endomesomorphic than those of the backs. As endomesomorphs have been shown to be stronger than either mesomorphs or ecto-mesomorphs,26 this may reflect the greater demands for strength placed on forwards during scrummaging, rucking, and mauling.
The anthropometric characteristics of New Zealand senior A club players are similar to those of senior club and international players in England, Italy, and South Africa2' 3, 5, 6, (see Table 1 ). New Zealand senior women forwards in the present study possess greater body mass than those described in other studies of women forwards."2"4 The female backs do, however, closely match the heights, body mass, and somatotypes of English senior backs and American college backs. '2 13 As the game of rugby demands a variety of fitness attributes from players, the test items selected for this study were designed to assess "rugby fitness" components. Because many of the tests are adapted specifically for rugby, the opportunity for comparisons with other studies are limited. The results show that backs perform significantly better than forwards on most of the physical performance assessments. Taken at face value this would lead to the conclusion that the backs are fitter, even in tests previously considered to favour forwards (such as push-ups). The influence of body mass on player performance in all tests must be considered, however, when attempting to draw conclusions between the positional groups. This is apparent when the momentum obtained by the players during the sprints is examined. The forwards are capable of producing greater momentum than backs from the same grade, and players at higher grades are capable of producing greater momentum than players at lower grades. As momentum is a vector quantity, if two players moving in opposite directions at velocities of equal magnitude collide the change in their respective velocities will be inversely proportional to their masses." Although the total momentum of both players before and after the impact remains the same, after the impact they will tend to move in the direction in which the player with greater mass was travelling before the impact. Thus the greater momentum that players with higher body mass can obtain is a definite advantage, especially in body contact situations such as tackles, and play associated with scrums, rucks, and mauls.
The senior B forwards performed, on average, slightly better than the senior A forwards on the aerobic assessment. It appears that, although aerobic fitness and speed are important for rugby players,28 forwards are prepared to compromise these aspects of fitness to some extent in order to maintain a higher body mass.
The fatigue index was designed to examine the ability of players to recover from bursts of high intensity exercise. Further work should be undertaken to help clarify the importance of this type of fitness to rugby performance, and its relation to other factors important to performance in the game.
Holmyard and Hazeldine9 noted greater differences between positional categories at higher levels of play. Although not reaching significance, some of the current results are consistent with this pattern. For example, the senior B forwards and backs tend to be more homogeneous in terms of endomorphy and performance on the aerobic shuttle test than were the forwards and backs at other grades. Presumably, the positional requirements for specific anthropometric and fitness attributes are less stringent at the senior B level than at senior A. The senior B players are often a mix of those who did not possess the requisite skills or anthropometric characteristics to make senior A teams and older players who drop down a grade when they find the pace in the senior A grade difficult to maintain.
The current findings concur with previous work which indicates that rugby forwards and backs possess different anthropometric and physical performance attributes, and that these different attributes reflect the demands placed upon them in terms of the performance requirements of the sport. Differences are also apparent between the various grades for typical anthropometric and physical performance characteristics. The ability to obtain the greater momentum that a higher body mass enables may be an important attribute required for play in the forward positions. 
